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FOREWORDI

i In September 1958 this Division published Report S-18

"An Evaluation of Safety Goggles and Safety Shields". Since that

time additional tests were carried out on laboratory safety sheids

and the stuly of protection afforded by various pieces of laboratory

safety equipment was extended to gloves, sample transporting con-

tainers, and remote manipulators. All materia' n S-18 is repro-

duced in this report.
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I. Introduction

Laboratory studies directed toward the synthesis of new

propellant ingredients frequently produce products having considerable

explosive potential, an4 unknown sensitivities to detonation. Consequently

all reactions and products must be assned capable of explosion or deto-

nation at any time, and precautions taken accordingly. EquipmLnt, is

usually assumed to be expendable, but personnel must be adequate!y

protected.

Personnel protection is gained in two ways: through the use

of protective clothing and personal equipment, and by the use of shields

designed to isolate hazardous reactions. Past practice in the use of personal

protective equipment and shields has not been particularly sophisticatedi

goggles, flame-proofed garments, gauntlets, and shields were used, and

reactions were run with the minimum quantities of material, but fow data

were available as to the amount of protection these safety devices offered.

Several explosions and fires in the industry indicated that the desired degree

of protection was not always obtained with safety equipment.

This Division initiated a program designed to give a quanti-

tative measure of the protection offered by various types of safety equip-

ment. Included in this evaluation were safety goggles 1, shield materials,

shields, gloves, remote manipulators, and explosives carriers.

II. Personal Protective Equipment

A. Safety Goggles

Twenty types of goggles ( Table I) were tested for sensi-

tivity to flame and impact.

For the flame tests an 90-g. charge of composite propellant

was burned in a 14 -in. length of 6-in. diameter water pipe sealed at one end.

The full blast of the flame was directed at a department store mannequin head

1Material on safejr goggles and shield materials was published previously in
Rohm & Haas Co., "An Evaluation of Safety Goggle.s & Safety Shields",

Report No. S- i8, September 1958. The whole of this report is reproduced
here in order to assemble in one place all work of this Division on laboratory
safety equipment.
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M et 18 in. from the end of the pipe. The face on the man~nequin was built

uip with modeling clay to allow the goggles to be tightly fitted. Abs orbent

cotton balls were placed in the eye aockets of the mannequin head, the

goggles fixed in place over the eyea, and the goggle. subjected to one

blast of flame from the front and another blast from the aide. After

each flash, the goggles were rernn-ed and tbhe result of the test recorded

( Table UI). Damage to the cotton ballei was divided into two categorie.s

scorching and burning. Scorching included all condition. from alight

discoloration to alight charring. Burning included those instances ill

j which the cotton ball was completely consaumed (Figs. 1-3)0

For t?.e impact teat the goggle. were clamped by the

frame. in a semi-rigid position and fired on at a range of 90 ft.et with
a 1Z-gauge shotgun loaded with 3-1 1/8-8 Scatier-load shells. The

resulting damage was recorded (Fig.. 4-24).
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i Table I I

I Datage Resulting frcen Flame Tests

Full Face Side

Left Eye Right Eye Left Mye Right ye
Type Scorch Burn Scorch Burn Scorch Bu;n Scorch Burn

A

C

f D

E x x

1 F -
]C , X K
G . ..... x

iH X X x x

17x x x x
J x

K x

L X
.. ... x x . .x ,

N... x x x x

N X X X0

p

Q XX

8 (w/. o50 w lens)j 8 (wi. o, owa ea) I I, I
T w/. oo 1!c lona) x
T w/. 050 ( w les) .

8 '0.060 cellulose acetate len)

I
I
I

I
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Fig. I Cotton eyes before test. F4g 2 Blast from burning propellant

striking goggles.

Fig. 3 Face after test with goggles
removed. Cotton in one eye was
burned out.



Fig. 4 lype A goggle hi by five pellets-all five Fig 5 Type B goggle hi by two pellets-both

repelled-one produc, 9Ocrack with 1/2-inch legs. repelled, but the right len~s was shattered
witf, o smnall amount of spa I ig.

Fig. 8 Type C goggle hit by four pellets-cl four Fig. 7 Typa- D goggle Fit by eight pellets-all eight
repel led. repelled -one produced straight 1- /4 ich

a crack.

Fig. 8 Type E gogglt hit by ithree Dellefs-ore repciled- Fig. 9 Type IFgogg'e hit by threle pellet5- oil three
'etw - e!t aecei / ~~ pelieis repelled-one peilet p-od~iced th~ree

rca o; cra ks c f /2" X 1/2- X1-
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Fig. 10 Type G goggles hit by six pellets-oi six Fig. 1 Type H goggle hit by six pellets-three were
repelled-one produced 1/4 inch cruck in repe'lz-" after producing crcks, three knocked

edge of lens. out I'X l/2 pir-e of lens.

,

Fig. 12 ype I goggle impossible to determinp how Fi' 13 'Tv*e J goggle hit by four peliet -all fomr

many hits-leff lens was shattered and knocked were repelled.
ow-other lens not hit.

Fig. 14 Type l' goggle 'it by five pellets aii fve Fig 15 Type L goggle hit by three pellets-oil three
were repelled. produced serious radic! cracking upon being

repelled-potenti l srio ter



Fig 16 Type M goggle apparently hit by two pellets- Fig. 7 Type N goggle hit by two pellets-one pellet
one shattered left lens-other pellet only shtee ih n-other lens dropped out

marked the right lens. of frame ohen frame was severed by second
pel let.

.7-

Fig. IS Type C) goggle hit by seven pellets-al Fg. 19 Type P goggle hit by ten pellets-all ten repp'lled-
sev~en repelled. one pellet produced a straight 1/2-,nch crack

Fig. 20 'yce Q ne; 1 :J by four pcll 4s-al. four F-g 21 Type A gogile hit by five pellets- all
rep~led. five repelled



Fig 2 -yeS(ih.58- e) ogehtFg 3Tp Wf 00PCLn)ggl i

F19. 22 TypeT S(WiI C5 V e~ogehtFg 3Tp (h .050 PVC Lens) goggle hit

by two pellets-both produced clean VS'holes.

B. Safety Shields

1. Shield Materials

Commercially available transparent safety

shields for laboratory use generally consist of laminated safety glass

held in a light metal frame and supported by a moderately heavy base.

Other shields are made to serve a particular purpose and may be made

from a variety of materials; size is generallf determined by the hazard

which is to be shielded against. The Ordnance Safety Manual, ORD M 7-224,



merely indicates that safety shields must be adequate as determined by

tests.

'Shields for protection against items containing
less than 15 pounds of explosives may be of
steel or other suitable material. The adequacy
of these opcrational shields, including thickness.
size, fastening, and location should be proved by
actual test, with a minimum safety factor of 25
percent above the maximum expected chaz ae. 11

Preliminary tests were designed to determine

which materials might be useful in shields; no effort was made to explore

the effect of mounting or shield design. Nine materials wore tested:

transparent materials were Plexiglas', safety glass, and glass containing

a wire mesh; non-transparent materials were oak board, pine board,

sheet metal, plywood, Masonite', and Transite 3. The materials being

tested were clamped with C-clamps between heavy angle iron frames

(Fig. 25). Each frame with its four clamps weighed 65 pounds and

I exposed a shield area of 11-1/2 x 17-1/2 inches to the blast. Four

frames were generally set to form a hollow square in the center of

which an explosive charge was detonated.

Charges consisted of 5, 25, 50, or 125 grams of

Cc.nposition C-4, which has a TNT equivalent of 1. 30 as measured by the

ballistic pendulum teat4 . In tests not designed to give fragments the C-4

was contained in a plastic bah, aaid by using a five foot length of detonating

fuse the test sample was not affected by fragments from the No. 8 blasting

cap ased for initiation. Part of the charges were detonated in glas battles

to provide a measure of the effect of glass fragments. A bottle weighing

17 g. was used with 5 and 25 g. charges and bottles weighing 86 or 107 g.

were used with 50 and 125 g. charges. A few charges were detonated in

lengths of steel pipes to determine the effect of steel fragments.

ITradename, Rokan & Haas Company, Philadelphia, Peraisylvania

aTradenamne, Masonite Corporation, Chicago, Illinois
3Tradename, Johns Manville Sales Corp., New York, N. Y.
4Department of the Arraiy, TM 9-1910, "Military Explosives" April i955,
pp 204 & 324.
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Fng. 25 Clamps used to mount shield materials for tests.

After each test the sample of shield material

was examined. If a fragment penetrated the sample, or if it splintered

on the side away from the blast, or if it split, cracked, bulged, or

broke to the extent that there was an opei, space between the surfaces,

the material was judged to have failed. If the sample had none of these

characteristics it was assu- --d to offer adequate protection. On rare

occasions a result was classified a" "protected (marginal) , meaning

that although the sample did not fail by definition, protection was margi-

nal.

The materials tested failed in various ways;

the hazard of the failure criterion in each case may affect interpretation

of the results. The criteria are described below and shown in Figs. 26

through 33.
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I Fig. 26 Typical failure pattern of Plexiglas.

4e

I Fig. 27 Typical fQn1ure pattern of safety glass.
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Fig.28 Tpica faiurepattrn o p-yo2d

Fi. 2 yia Ili atr fsetmtl
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Fig. 30 Typical failure pattern of Masonite.

Fig. 31 Typical failure paitarrn of Transite.
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Fig. 32 Typical failure pattern of oak.

Fig. 33 Typica! failure pattern of pine.
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(1) Plexigla. failed by cracking and 'breaking
into distinct pieces.

(2) Safety glass and glass containing wire
mesh failed by spalling on the side
away from the blast.

(3) Plywood failed by penetration of fragments,
and v-- -p!intered on the side away from
the blast.

(4) Sheet metal failed in two ways depending
on its thickness: Thin sheet metal was
penetrated by fragments, whereas the
thicker sheets failed becauoe of excessive
beading which pulled the edge* from their
clamping supports.

(5) Masonite was ruptured by the blast.

(6) Transits was torn by the blast.

(7) Oak and pine failed by splitting.

Detonations and the effects of detonations are not

precisely reproducible, and so deto.ation results are generally reported

on a statistical basis. For those materials of major interest ( 1/4-in.

and 3/8-in. Plexiglas) the tests were repeated sufficient times that

statistical variation became apparent. For any particular weight of

explosive the results obtain-d were a function nf the distance ,.tween

explosive and shield; at small distances the shield failed consistently,

at intermediate distances it failed part ol' the time, and at greater

distances it gave consistent protection (Figs. 34 and 35). Other

materials were not tested as extensively as Plexiglaa so mrnxmum

distances were assigned at which complete protection would be

obtained with various weights of explosive (Table III).
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Fig. 34 Minimum distances of which protection is obtained with 1/4 inch
Pexuglos.
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Fig. 35 Minimum distances of which protection 4s obtained with 3/o inch
Piexigios.



Table MI

Distances at which Various Materials "Aspply Protection
Against the Detonation of Various Quantities of Explosive

Material Supplies Complete Protection
at the Distances Given Below when the
Following Quantities of Explosives are

Detonated

j52. 25S. 50 Z.

1/4-in, safety glass 10. 25 in. 17. 5 in.

j1/4-In. Plexiglas 6 30

3/3-in. Plexiglas 13.5 26-in.

Double 1/4-In. Plexiglas with air space 20

Double 3/8-In. Plexigls with air space 1

3/4-in. plywood 26
3/4-in. oak hoard 12 30

3/4-in. pieboard 3

24 ga sheet metal 30

14 ga sheet metal 6

1/4-In, plywood backed with 24 ga sheet 6
metal

1/2-in, plywood backed with A4 ga sheet 6
meta

In thc design of safety shields it should be

recognized that the protection~ obtained is influence,'I by factors other

than the ohield material. Materials are usu.Lily stLrunger if necutely

clamped in a rigid frame but without undue stress concentration in

brittle materials, flexible materials tiuch as sheet metal are practi-

cally useless unless they are securely clamped. There was also

evidence that some thought should be given to the methods of fastening

down the frame; although the frames u.aed for these tests weighed

nearly '70 pounds and were set on concrete t'-ey were moved as much

as 60 inches by the cletondLion of 50 grams of Com-,sition C at a
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I
distance of 8 inches. A commercial semicircular laboratory shield

130 inches tall made of 1/4-in. Plexiglas was blown from two ring stands

by a 5-g. explosion at 6 inches.

i The quantity and kind oi fragments in an explusion

also had considerable effect on the performance of the shield materials.

i An increase in the glass bottle weight from 17 to 86 g. increaLsed the

damage more than might be expected. Visual examination of the YIexiglas

* indicated failures around points of imprt by fr"Agments, Subsequent

fragment-free tests verified this effect. Two shots with Composition C

in steel tubing caused appreciably more damage tha similar shots in

glass bottles.

For fragment-free explosions various equations

can be used to give a relation between quantity of explosive and distancel

of those equations which were examined the best fit was obtained with

the equation i

w /3I w

where I/K = impul;z

w = charge weight

d = distance from charge

Only for 3/8-inch and 1/4-inch Plexiglas were enough data obtained to
allow use of the equation. If the value of M- wa less than 0. 567 for

d
3/8-in. Plexiglas and less than 0.425 for 1/4-in. Plexiglas the shields

gave adequate protection. However. these values wnuld vary tonsidet-

ably depending on the type and quantity of fragments, and materials

should be tested under the conditions at which they will be used.

'Corp- of Eragineirs, "Fundamentals of Protective Design', (1946) p. 3-46.
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U
Z. Heavy Duty Shieldm ( 50 gn Charge)

A standard laboratory safety shield which would

be adequate for use with up to 50 grams of explosive at 6 inches would be

highly desirable, and an attempt was made to develop such a shield.

Various thicknesses of Plexiglas ( 12-in. x 18-in.)

were exposed to the detonation of a 50=gm charge of C-4 zt a distance :f

6 inches. One-inch thick Plexiglas and one-inch thick Plexisias backed

j with 1/2-in, thick Plexiglas failed. One-inch thick Plexiglas separated

by a one inch air space from 3/8-in. Plexiglas (Fig. 36) protected; the

I-in. Plexiglas was broken, but the 3/8-in. Plexiglas did not break.

These tests indicated that a transparent shield

which would give adequate protection against the detonation of 50 grams

of material would be so heavy and bulky that it would be used oily for

special situations, and lighter shields would be used routinely. Since

shields for 50 grams of explosive would probably not be portable econo-

mies could be effected by using non-trr.is parent materials such as 1/2-in.

plywood backed with 24 ga. sheet metal. A sight port made from 1-inch

Plexiglas plus 3/8-inch Plexiglas separated by an air gap could be

included, but the shield should be tested befcre use since the mounting

of the sight port might be a weak point.

3. Medium Duty Shields (25 gm Charge)

Wizen it became apparent that a safe shield for a

50-gm explosive charge would not be portable, a shield that would ade-

quately protect against a 25-gm charge was investigated.

One-half inch Plexiglas sheets ( 30- 1/2-in. x

14- lIZ-in.) were mo-unted in frames of light weight aluminum angle

welded at the corners, and subjected tb the detonation of 25-g:am ch=:-es

of explosive contained in a glass bottle. The Plexiglas failed when pP-ed

eight inches from the explosive charge; when placed 10 inches from the
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I Frig. 36 Section from c: transparent safety shield which protected against
a 50-gram charge at a distance of 6 inches.

charge it failed in one test and protected in one test. The frames were

bent and twisted and were not suitable for reuse.

A practical shield design (Fix. 37) having a frame

cunstructed of welded al-niiurn channel was then tested. This shield

containing a piece of 30-in. x 16-1/2-in. Plexiglas gave marginal

protection against the detona'ion of a 25-gram charge at 10 inches and

good protection at 12 inches.

In some cases it is desirable to remotely

manipulate various pieces of equipment situated behind a shield, Since

the manipulator is most conveniently mounted by passing it through the

shield material tests were made to determinie whether the shield would

be weakened significantly. The manipulator was passed through a brass

ball which was confined between two brass plates designed to be set on

each side of the shield. In the iirst test a hole ha".ng the same diameter
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i

mop-

Fig. 37 Shield design with welded aluminum channel frome.

as the brass ball was drilled through the Plexigla and four small holes

were drilled to accommodate screws set in each corner of the brass

plate. When subjected to the detonation of 25-gramis of explosive at a

distance of eight inches the shield failed badly, cracking through each

of the four holes and in other places. The brass insert and ball-joint

fixture, which weighed 1.65 lb, were blown approximately 45 feet from

the shield.

In the next test the hole through the Plexiglas

was made large enough to clear the attaching screws. When subjected

to the detonation of 25-grams of explosive at 8 inches the ball-joint

fixture remained clamped in the shield but the Plexiglas broke in

several places including a radial break from the edge of the hole.

In the final design the manipulator fixture

was mounted in an aluminum plats- between the tv-' sides of a V- 3haped
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I shield (Fig. 38). The shield gave adequate protection against the detonation

I of 25 grams of explosive at a distance of twelve inches. In a second test a

glass bottle containing 25 grams of explosive was clamped in the manipulator.

When the explosive was detonated at a distance of 12 inches the manipulator

rod was not damaged and was moved toward the operator's side of the shield
~only a few inches.

When shields were exposed to the detontiur uia 25-grami chargaz they ware always knocked over and in some cases were

moved as much as 30 to 40 inches from their original position. To determine

3 the force with which the shield was knocked over a high speed movie was made

of one test; this indicated that the shield began to topple bout 60 milliseconds

i after the initial blast and was knocked down within 150 milliseconds. Shields

used to protect aga. it 25-gram quantities should be securely fastened.
!

4. Swinging Shields

Swinging shields suspended from the ceiling are

frequently used to shield large pieces of apparatus. A swinging shield of

32 x 22 x 1/4-in. Plexiglas afforded good protection against the detonation

of 5 grams of explosive in a glass bottle at a disLauxue of six inches.

A double shield consisting of two sheets of

32 x 22 x 1/4-in. Plexiglas spaced 4 inches apart was subjected to a

25-gram charge detonated 6 inches from the closest sheet. Both sheets

failed. The back sheet was hung by strapiron secured to the Plexiglas

1%nd bent over a piece of angle (Fig. 39) so that an unneceicarily large

bending moment was applied to the shield. A shield which had mare free-

dom to qwing might not have been broken.

Swinging shields made of safety glass and a

36 x 48 x 1/-in. sheet of Plex-glas were broken by the detoration of

50 grams of explosive at a distance of 12 inches.



tIFig. 38 Shield with manpulao, mounted in an aluminum plate.
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C. Gloves

In an explosives laboratory gloves are frequently used

to protect against the possible explosion of small quantities of material

held in the hand or located near the hand. Since gloves are not normally

designed or tested for such applications a test procedure was developed

to measure the degree of protection obtained with various commercially

available glove@.

Copper wire ( 0. 033 inches in diameter) was doubled

and twisted together to form fingers and the framework of a hand.

Polyethylene film was rolled and placed over the wire as a substitute

for flesh on the fingers. The test glove was then placed over the substi-

tute hand, and glove and hand were placed over a 1-in. x 2-in. piece of

wood which was clamped in a ring stand. A 16 x 150 mm test tube was

placed in the palm of the glove ( Fig. 40) and the testing device inserted

in the test tube. A number six electric blasting cap, a number eight

electric blasting cap. and a short length of detonating fuse were tested

for explosive effect. The cotton glove used for these tests was shredded

by the number eight cap and the detonating fuse sc% all tests were made

with a number six cap.

The gloves tested are listed below and glove damage

is shown in Figs, 41 through 47,

T,pes of Gloves Tested

Tpe Supplier or Manufacturer

1. Lineman's Glove (leather) W. H. Salisbury & Compa-,

2. Brotherhood Glove (yellow cowhide) Wells Lamont Corp.

3. Wute Cotton Glove General Services Administration

4. Neoprene Coated Glove (cotton) Stark Industries

5. Steel Reinforced Glove (leather) Mine Safety Appliances Co.

6. Asbestos Glove Allied Industrial Glove Corp.

7. White Mul Glove (horsehide) General Services Administration
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Fig. 40 Method u~ed for testing the effect of explosions on gloves.

Fig. 41 icither I se-on'5 glcwe Qffer ,-:,i (I ~fi)
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Fig. 42 Whitherhofo glove yeo chd)after tes (left)
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Fig. 44 Neoprene coated glove after test (left)

Fi~. 45 Steel reinforced leather glove afler lest (left)
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III. Protective Devices

A. Sample Transporting Containers

While adequate shields provide protection from reactions

carried out in fixed equipment there are occasions when transportation or

movement of possibly sensitive materials is necessary. Two explosives

carriers were built, one for fairly large pieces of equipment, and the

othier primarily for vacuum vessels containing cold traps.

The large explosives carrier ( Fig. 48) consisted of an

aluminum cylinder 18 inches in diameter, 35 inches long with 3/8-in.

thick walls mounted on a dolly to allow easy movement. The bottom was

open and the top was closed with a removable 1/4-in, aluminum plate

a perforated with a number of small holes. A slot was cut in the side to

allnw the cold trap which would customarily be located inside the carrier

i to be connected to a vacuum 14,ie. A cup and ring were provided to holdI
the trap and could be raised or lowered by a rod outside the carier.

i Detonation of 50 gm. of Composition C-4 in a 250-ml

flask below the ring inside the container produced considerable damage.

* Detonation of 10 gm. of Composition C-4 adjacent to the carrier cup and

ring blew out the bottom of the cup and broke the ring. Witness screens

showed thai srore blast hazard eii. td !,Znh. ablt a foot of the bottom of

the container. Small particles ware ejected through the top and the side

slot. It wa.s concluded that the detonation of 10 grams of high explosive

could be contained although fragments might present a small hazard to

nearby personnel.

The small transporter (Fig. 49) was designed for r.-.ive-

ment of small samples and as a fized shield for traps on vacuum lines. It

consisted of a 14-inch length+ oi 4 -in. sealess stainless .teel tubing with

a welded bottom and a carrying handle. lesting showed that the container

could withstand the detonation of five grams Composition C-4. It should

be noted that the strength of the container would be mu.ch less if it were

made of tubing having a welded seam.I



Fig. 48 Side view and iop view of large explobives carrier.

Fig 49 Small 5ample carrier.
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B. Remote Manipulators (Laboratory Experiments)

Remote manipulation devices can be used to reduce

the exposure of personnel conducting reactions behind laboratory safety

shields or carrying small quantities of potentially explosive materials.

Four remote manipulators were designed and built by this Division.

j The first (Fig. 50) consisted simply of a laboratory clamp equipped

with a hand grip and a shield. The second (Fig. 51) provided a means

p for opening and closing the clamp remotely. The third (Fig. 52) was

designed for turning stopcocks in a fixed location. The fourth (Fig. 53)

i was a modified pickup tool. The wire connecting tie jaws with the handle

was replaced with a piece of flexible cable allowing the jas to be rotated.

I The manipulator was most conveniently attached to the edge of the shield

for manipulation although it could be hand held if it was used for a series

of operations.

A commercially available manipulator manufactured by

the Harwell Company, London, England (Fig. 54) was tested for handling

beakers and flasks. This device like those shown in Figs. 50 and 51

simply increases the distance between the operator and a potential

explosive.

An air cylinder (Fig. 55) was adapted for remotely

raising and lowering a cold trap behind a shield, Reaction temperatures

can be controlled quite conveniently in this way without exposin- personnel.
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Fig . 50 Device designed for hcnd protection while carrying flasks or
other vessels containinq explosives.

, K

I Fig, 5i Device designed for remote manipulation of beakers, flasks,
or other laboratory ;e5:3
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F!tg., 53 Mcxnipulaior designed for maximum flexibility



-35-

raw

IN A .

Fi c. 54 Ton95 manufactured by the Harwell Company.
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Ii. 55 Rmtl prtd dvc o a.


